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MATIONS 



(57) Abstract: The present invention relates to bridging agents for use in subterranean formations, to well drill-in and servicing 
Q fluids comprising such bridging agents, and to methods of using such bridging agents and well drill-in and servicing fluids in sub- 

terranean drilling operations. An example of a well drill-in and servicing fluid of the present invention comprises a viscosified fluid, 
5* a fluid loss control additive, and a bridging agent comprising a degradable material. 
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BACKGROUND OF THE INVENTION 

1 Field of the Invention 

^ preset invention relates to brides agent, for use in snb~t 
formati! to weU drnl-in and servicing flnids comprising socb bridgmg agents, and to 
^r: f nsing snen brid^ng agents and we U drifl-in and seeing flnrds . 

subterranean drilling operations. 
2 Description of Related Art 

Often, once drining of a weU bote in a snb,erranean formafion bas been inMated, 

-a t^A to as a "well drill-in and servicing fluid. As 

t iTated For example an operator may begin drilling a sobterranean borehole 

^ cTLmg a, a depth j- above *a. of a prodncfive formation, 

a dnlbng flnrd, ceas g ^ ^ fte ,„ 

circulate a snfficent qnanmy of a weU dnll m ^ 

comnletely flnsh ont the drilling fhrid, then proceed to drill mto the oes 

^ weU drnl-in and servicing fluid. Wei, drift-in and seeing finrds are often 

Well drill-in and servieing flnids may also mclude flnrd loss conho 
reto d . her^ the term .old loss eonho, fl = — odto - = 
j - m ^ tn form a filter cake onto a screen or gravel pacK, or ui^ 

rCr;or — a M d loss contro, fiuid may 
^ volnme of flnid designed to form a filter cake so as to ping off 
lafion, most eommonly eneonntered during driUing operand, nrto ^ 
L maybe lost). Generally, wefl drfll-in and servicing flnids are deigned o form afa* 

with one or more subsequent fluids. 
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Other conventional methods of removing the filter cake include formulating the 
well drill-in and servicing fluid so as to include an acid-soluble particulate solid bridging 
agent. The resultant filter cake formed by such well drill-in and servicing fluid is then 
contacted with a strong acid to ultimately dissolve the bridging agent. This method is 
problematic, however, because the strong acid often corrodes metallic surfaces and 
completion equipment such as sand control screens, thereby causing such equipment to 
prematurely fail. Further, the acid may damage the producing formation. Additionally, 
the acid may cause the bridging agent to dissolve too quickly, resulting in the acid being 
lost into the formation, rather than completely covering the filter cake. 

Another method has been to use a water-soluble particulate solid bridging agent in 
the well drill-in and servicing fluid, which is later contacted with an aqueous salt solution 
mat is undersaturated with respect to such bridging agents. This method is problematic, 
however, because such bridging agents may require a relatively long period of time to 
dissolve in the solutions, due to, inter alia, the presence of various gelling agents in the 
well drill-in and servicing fluids. Such gelling agents shield the water-soluble bridging 
agents. A further problem is that the aqueous salt solution has a limited range of possible 
densities. 

SUMMARY OF THE INVENTION 

The present invention relates to bridging agents for use in subterranean 
formations, to well drill-in and servicing fluids comprising such bridging agents, and to 
methods of using such bridging agents and well drill-in and servicing fluids in 
subterranean drilling operations. 

An example of a method of the present invention comprises the steps of: placing a 
well drill-in and servicing fluid in a subterranean formation, the well drill-in and servicing 
fluid comprising a viscosifier, a fluid loss control additive, and a bridging agent 
comprising a degradable material; and forming a self-degrading filter cake comprising the 
bridging agent upon a surface within the formation whereby fluid loss to the formation 
through the self-degrading filter cake is reduced. 

Another example of a method of the present invention comprises a method of 
degrading a filter cake in a subterranean formation, the filter cake having been deposited 
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herein by a well drill-* and servicing fluid comprising a bridging agent, compnsmg tee 
step of utilizing a bridging agent comprising a degradable matenal. 

Another example ofa mefirod of me present invention compnaes a method of 
ariffing an open hole In a subterranean formation, comprising the steps of: circulafcng 
too J a drill pipe and drill bit a well drill-in and servicing fluid comprising a vrscosrfied 
fluid a fluid loss control additive, and a bridging agent comprising a degradable maten* 
Lnhrg a filter calre comprising me bridgmg agent upon a surface wifinn fire formats, 
andpermitttagthefiltercaketodegrade. 

An example of a composition of fire present invention is a well dnll-m and 
servicing fluid comprising a viscosifiefl fluid; a fluid loss comrol additive; and a bndgurg 
agent comprising a degradable material. 

* features and advantages of fire present invention will be readfly apparent to 
tt ose slrilled in fire art upon a reading of fire description of fire preferred embodiments, 
which follows. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 depicts a graphical representation of the results of a dynamic filiation 
test performed on seven exemplary emhodiments of filter cakes formed from well dnll-m 
and servicing fluids of the present invention. 

Figure 2 depicts a graphical representation of me results of a break test performed 
on seven exemplary embodiments of filter cakes formed from well drill-in and servicmg 

fluids of the present invention. 

DESCRIPTION OF PREFERRED EMBODIMENTS 

The present invention relates to bridging agents for use in subterranean 
formations, to well drill-in and servicing fluids comprising such bridgmg agents, and to 
m efi,ods of using such bridgmg agents and wefl drill-in and servicmg flmds m 
subterranean drilling operations. 

The well driU-in and servicing fluids of the present invention generally compnse a 
viscosifiefl fluid comprising a viscosifler, a fluid loss control additive and a bridgmg 
agent eomprismg a degradable material capable of undergoing an irreversrb e degradahon 
aownhole. The term •irreversible" as usefi herein means that fire degradable matena, 
once degraded shonld no, recrystaffize or reconsolidatc while downhole, ,g., fire 
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degradable material should degrade in situ but should not recrystallize or reconsolidate in 
situ. The terms "degradation" or "degradable" refer to both the two relatively extreme 
cases of hydrolytic degradation that the degradable material may undergo, i.e., 
heterogeneous (or bulk erosion) and homogeneous (or surface erosion), and any stage of 
degradation in between these two. This degradation can be a result of, inter alia, a 
chemical or thermal reaction or a reaction induced by radiation. 

A variety of viscosified fluids may be included in the well drill-in and servicing 
fluids of the present invention. These are fluids whose viscosities have been enhanced by 
the use of a viscosifier. In certain embodiments, the viscosified fluid may comprise a 
base fluid such as water, oil, or mixtures thereof. The viscosified fluid is present in the 
well drill-in and servicing fluids of the present invention in an amount in the range of 
from about 68% to about 99% by weight. In certain preferred embodiments, the 
viscosified fluid is present in the well drill-in and servicing fluids of the present invention 
in an amount in the range of from about 90% to about 97% by weight. 

The viscosified fluids comprise a viscosifier. A variety of viscosifiers may be 
included in the well drill-in and servicing fluids of the present invention. Examples of 
suitable viscosifiers include, inter alia, biopolymers such as xanthan and succinoglycan, 
cellulose derivatives such as hydroxyethylcellulose and guar and its derivatives such as 
hydroxypropyl guar. In certain preferred embodiments, the viscosifier is xanthan. The 
viscosifier is present in the well drill-in and servicing fluids of the present invention in an 
amount sufficient to suspend the bridging agent and drill cuttings in the well drill-in and 
servicing fluid. More particularly, the viscosifier is present in the well drill-in and 
servicing fluids of the present invention in an amount in the range of from about 0.01% to 
about 0.6% by weight. In certain preferred embodiments, the viscosifier is present in the 
well drill-in and servicing fluid in an amount in the range of from about 0.13% to about 
0.30% by weight 

The well drill-in and servicing fluids of the present invention further comprise a 
fluid loss control additive. A variety of fluid loss control additives can be included in the 
well drill-in and servicing fluids of the present invention, including, inter alia, starch, 
starch ether derivatives, hydroxyethylcellulose, cross-linked hydroxyethylcellulose, and 
mixtures thereof. In certain preferred embodiments, the fluid loss control additive is 
starch. The fluid loss control additive is present in the well drill-in and servicing fluids of 
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the present invention in an amount sufficient to provide a desired degree of ftad loss 
contiol. More partioularly, fire fluid loss control additive is present in Are well dnll-rn and 
servicing fluid in an amount in dre range of from about 0.01% to about 3% by Wright In 
certain preferred embodiments, me fluid !oss control additive is present in the well dnll-m 
and servicing fluid in an amount in the range of from about 1 % to about 2% by weight 

The well drill-in and servicing fluids of the present invention further compnse a 
bridging agent comprising a degradable material. The bridging agent becomes suspended 
in the well drill-in and servicing fluid and, as the well drill-in and servicing fluid begms to 
form a filter cake within the subterranean formation, the bridging agent becomes 
distributed throughout the resulting filter cake, moat preferably uniformly. In certain 
preferred embodiments, the filter cake forms upon the face of the formation itself, upon a 
.and screen, or upon a gravel pack. After the requisite time period dictated by the 
characteristics of fire particular degradable material utilized, tire degradable material 
undergoes an irreversible degradation. This degradation, in effect, causes the degradable 
material to substantial* he removed from tire filter cake. As a result, voids are created « 
the filter cake. Removal of the degradable material from the filter cake allows produced 

fluids to flow more freely. 

Generally, the bridging agent comprising the degradable material is present m the 
well drill-in and servicing fluid in an amount sufficient to create an efficient filter cake. 
As referred to herein, the term "efficient filter cake" will be understood to mean a filter 
cake comprising no material beyond mat required to provide a desired level of fluid loss 
control In certain embodiments, the bridging agent comprising the degradable matenal rs 
present in the well drill-in and servicing fluid in an amount ranging from about 0.1% to 
about 32% by weight. In certain preferred embodiments, the bridging agent compnsmg 
the degradable material is present in the well drill-in and servicing fluid in the range of 
from about 3% and about 10% by weight In certain preferred embodiments, the bndgmg 
agent is present in the well drill-in and servicing fluids in an amount sufficient to prov.de 
a fluid loss of less than ahout 15 mL in tests conducted according to the procedures set 
forth by API Recommended Practice (RP) 13. One of ordinary skill in the art wrth the 
benefit of this disclosure will recognize an optimum concentration of degradable matenal 
that provides desirable values in terms of enhanced ease of removal of the filter cake at 
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the desired time without undermining the stability of the filter cake during its period of 
intended use. 

Nonlimithig examples of suitable degradable materials that may be used in 
conjunction with the present invention include but are not limited to degradable polymers, 
dehydrated compounds, and/or mixtures of the two. In choosing the appropriate 
degradable material, one should consider the degradation products that will result. Also, 
these degradation products should not adversely affect other operations or components. 
For example, a boric acid derivative may not be included as a degradable material in the 
well drill-in and servicing fluids of the present invention where such fluids utilize xanthan 
as the viscosifier, because boric acid and xanthan are generally incompatible. One of 
ordinary skill in the art, with the benefit of this disclosure, will be able to recognize when 
potential components of the well drill-in and servicing fluids of the present invention 
would be incompatible or would produce degradation products that would adversely 
affect other operations or components. 

As for degradable polymers, a polymer is considered to be "degradable" herein if 
the degradation is due to, inter alia, chemical and/or radical process such as hydrolysis, 
oxidation, enzymatic degradation, or UV radiation. The degradability of a polymer 
depends at least in part on its backbone structure. For instance, the presence of 
hydrolyzable and/or oxidizable linkages in the backbone often yields a material that will 
degrade as described herein. The rates at which such polymers degrade are dependent on 
the type of repetitive unit, composition, sequence, length, molecular geometry, molecular 
weight, morphology (e.g., crystallinity, size of spherulites, and orientation), 
hydrophilicity, hydrophobicity, surface area, and additives. Also, the environment to 
which the polymer is subjected may affect how the polymer degrades, e.g., temperature, 
presence of moisture, oxygen, microorganisms, enzymes, pH, and the like. 

Suitable examples of degradable polymers that may be used in accordance with 
the present invention include but are not limited to those described in the publication of 
Advances in Polymer Science, Vol. 157 entitled "Degradable Aliphatic Polyesters" edited 
by A.C. Albertsson. Specific examples include homopolymers, random, block, graft, and 
star- and hyper-branched aliphatic polyesters. Such suitable polymers may be prepared 
by polycondensation reactions, ring-opening polymerizations, free radical 
polymerizations, anionic polymerizations, carbocationic polymerizations, and 
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ooordinative ring-opening polymerization for, e.g., lactones, and any other smtable 
process Specific examples of suitable polymers include polysaccharides such as dextxan 
or cellulose; chitin; chitosan; proteins; orthoesters; ahphatic polyesters; poly(lacude); 
poly(glycoUde); poly(e-caprolactone); poly(hydroxybutyrat e ); poly(anhydrides); ahphahc 
polycarbonates; poly(orthoesters); poly(amino acids); polyethylene oxade); and 
polyphosphazenes. Of these suitable polymers, aliphatic polyesters and polyanhydndes 
are preferred. 

Aliphatic polyesters degrade chemically, inter alia, by hydrolytic cleavage. 
Hydrolysis can be catalyzed by either acids or bases. Generally, during the hydrolysis, 
carboxylic end groups are formed during chain scission, and this may enhance the rate of 
further hydrolysis. This mechanism is known in the art as "autocatalysis," and is thought 
to make polymer matrices more bulk eroding. 

Suitable ahphatic polyesters have the general formula of repeating units shown 

below: 




formula I 

where n is an integer between 75 and 10,000 and R is selected from the group consisting 
of hydrogen, alkyl, aryl, alkylaryl, acetyl, heteroatoms, and mixtures thereof. Of the 
suitable ahphatic polyesters, poly(lactide) is preferred. PolyGactide) is synthesized other 
from lactic acid by a condensation reaction or more commonly by ring-opening 
polymerization of cyclic lactide monomer. Since both lactic acid and lactide can achreve 
the same repeating unit, the general term poly(lactic acid) as used herein refers to wnt of 
formula I without any limitation as to how the polymer was made such as from lactides, 
lactic acid, or oligomers, and without reference to the degree of polymerization or level of 
plasticization. 

The lactide monomer exists generally in three different forms: two stereoisomers 
L- and D-lactide and racemic D^-lactide (^o-lactide). The oligomers of lactic acid, 
and oligomers of lactide are defined by the formula: 
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formula II 

where m is an integer: 2=m=75. Preferably m is an integer: 2=m=10. These limits 
correspond to number average molecular weights below about 5,400 and below about 
720, respectively. The chirality of the lactide units provides a means to adjust, inter alia, 
degradation rates, as well as physical and mechanical properties. Poly(L-lactide), for 
instance, is a sermcrystalline polymer with a relatively slow hydrolysis rate. This could 
be desirable in applications of the present invention where a slower degradation of the 
degradable material is desired. Poly(D,L-lactide) may be a more amorphous polymer 
with a resultant faster hydrolysis rate. This may be suitable for other applications where a 
more rapid degradation maybe appropriate. The stereoisomers of lactic acid maybe used 
individually or combined in accordance with the present invention. Additionally, they 
may be copolymerized with, for example, glycolide or other monomers like e- 
caprolactone, l,5-dioxepan-2-one, trimethylene carbonate, or other suitable monomers to 
obtain polymers with different properties or degradation times. Additionally, the lactic 
acid stereoisomers can be modified by blending high and low molecular weight 
polylactide or by blending polylactide with other polyesters. 

Plasticizers may be present in the polymeric degradable materials of the present 
invention. The plasticizers may be present in an amount sufficient to provide the desired 
characteristics, for example, (a) more effective compatibilization of the melt blend 
components, (b) improved processing characteristics during the blending and processing 
steps, and (c) control and regulation of the sensitivity and degradation of the polymer by 
moisture. Suitable plasticizers include but are not limited to derivatives of oligomeric 
lactic acid, selected from the group defined by the formula: 



formula m 
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where R is a hydrogen, alkyl, aryl, alkytayl, acetyl, heteroatom, or a mixture thereof and 
R is saturated, where K is a hydrogen, alkyl, aryl, alkylaryl, acetyl, heteroatom, or a 
^ture thereof and R* is saturated, where R and K cannot both be hydrogen, where , as 
an integer: 2-0-75; and mixtures thereof. Preferably q is an integer; 2-q-10. As used 
herein the term "derivatives of oligomer* laetic acid" includes derivatives of oligomenc 

lactide. - 

Aliphatie polyesters useful in the present invention may be prepared by 
substantially any of the conventionally known manufacturing methods such as those 
described in U.S. Patent No, 6,323,307; 5,216,050; 4,387,769; 3,912,692; and 2,703,316, 
me relevant disclosures of which are incorporated herein by reference. In addition to tire 
other qualities above, the plasticizers may enhance the degradation rate of the degradable 
polymeric materials. 

Polyanhydrides are another type of particularly suitable degradable polymer useful 
ta the present invention. Polyanhydride hydrolysis proceeds, inter alia, vra free 
carboxylic acid chain-ends to yield carboxylic acids as final degradation products. The 
erosion time can be varied over a broad tange of changes in the poiymer backbone. 
E^pJes of suitable polyanhydrides include polyopic anhydride,, poly(subenc 
anhydride), polygenic anhydride), and poly{dodecanedioio anhydride). Other surtable 
examples include but are not limited to poly(maleic anhydride) and poly(beuzo.c 
anhydride). 

The physical properties of degradable polymers depend on several factors such as 
the composition of the repeat unite, flexibility of the chain, presence of polar groups, 
molecular mass, degree of branching, crystallinity, orientation, etc. For example, short 
ohaiu branches reduce the degree of crystallinity of polymers while long chain branches 
,ower the melt viscosity and impart, inter alia, elongational viscosity wtth tenston- 
stiffening behavior. The properties of me material utilized can be firrther tailored by 
blending, and copolymerizing it with artother polymer, or by changing the 
macromolecular architeotnre («*. hyper-branched polymers, star-shaped, or dendnmers, 
etc) The properties of any such suitable degradable polymers (e.g., hydrophobtctty, 
hydrophUicity, rate of degradation, etc.) can be tailored by introducing select functional 
groups along the polymer chains. For example, poly(phenyUactide) will degrade at about 
1/5 th of the rate of racemic polyCacfide) at a pH of 7.4 at 55°C. One of ordinary skfll m 
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the art with the benefit of this disclosure will be able to determine the appropriate 
functional groups to introduce to the polymer chains to achieve the desired physical 
properties of the degradable polymers. 

Dehydrated compounds may be used in accordance with the present invention as a 
degradable material. A dehydrated compound is suitable for use in the present invention 
if it will degrade over time as it is rehydrated. For example, a particulate solid anhydrous 
borate material that degrades over time may be suitable. Specific examples of particulate 
solid anhydrous borate materials that may be used include but are not limited to 
anhydrous sodium tetraborate (also known as anhydrous borax), and anhydrous boric 
acid. These anhydrous borate materials are only slightly soluble in water. However, with 
time and heat in a subterranean environment, the anhydrous borate materials react with 
the surrounding aqueous fluid and are hydrated. The resulting hydrated borate materials 
are substantially soluble in water as compared to anhydrous borate materials and as a 
result degrade in the aqueous fluid. In some instances, the total time required for the 
anhydrous borate materials to degrade in an aqueous fluid is in the range of from about 8 
hours to about 72 hours depending upon the temperature of the subterranean zone in 

which they are placed. 

Blends of certain degradable materials may also be suitable. One example of a 
suitable blend of materials is a mixture of poly(lactic acid) and sodium borate where the 
mixing of an acid and base could result in a neutral solution where this is desirable. 
Another example would include a blend of poly(lactic acid) and boric oxide, a blend of 
calcium carbonate and poly(lactic) acid, a blend of magnesium oxide and poly(lactic) 
acid, and the like. In certain preferred embodiments, the degradable material is calcium 
carbonate plus poly(lactic) acid. Where a mixture including poly(lactic) acid is used, in 
certain preferred embodiments the poly(lactic) acid is present in the mixture in a 
stoichiometric amount, e.g., where a mixture of calcium carbonate and poly(lactic) acid is 
used, the mixture comprises two poly(lactic) acid units for each calcium carbonate unit. 
Other blends that undergo an irreversible degradation may also be suitable, if the products 
of the degradation do not undesirably interfere with either the conductivity of the filter 
cake or with the production of any of the fluids from the subterranean formation. 

The choice of degradable material can depend, at least in part, on the conditions of 
the well, e.g., well bore temperature. For instance, lactides have been found to be suitable 



onncnooCQ740 I 



WO 2005/028587 



-11- 



PCT/GB2S04/003831 



for lower mature wefls, induding <hose wiflfin the range of about 60 F «o *«. 
Lo»F and JylacUaes have been found to be suitable for wet, bote textures above 
Ms range. Dehydrated saltsWay also be suitab,e for higher temperature wells. 

Also, we have found drat a preferabie result is aohieved if Are degrade* maten, 
u^ades slowly over time as opposed to ins— us,y. Tb. slow degmdahon the 
oegradable materia, he,ps, in,er alia, to maintain me stability of the filter cake. 

Tne specific features of me degrade material maybe modified so as to manuam 

of the filter cake when such removal becomes desirable. In cerianr embody, the 
££L materia, has a parfide size distribuflon in me range of ftom about 0, nncron 
l lu, 1.0 millimeters. Whichever degrade material is nmized, ^ ~gen. 
ly have any shape, including bu, no, limited to partiCes having the physmal shape o 
ILlets shavhjflakes, ribbons, rods, snips, spheroids, toroids, pellets, tab,*, or any 
rthysica, snape. One of ordinary ski,, in me ari wtth the b^efit of figure 
J the specific degmdable materia, and the preferred srze and shape 

given application. &e weU ^ ^ servicing fluids of me present 

The filter cake formed by the well arm m au 
invention is removed afler a desired amount of time by being contactor, with a de^dmg 
, g ent brcertam embodiments, me degradmgagemtcomp^eswar^r ; 
degrading agent may be, inter alia, a we,, driU-in and servicing flurd, such as a gmvd 
pUlcompleflonbrine.forinstanee. hr ceriam embodiment^ £ * 
Lading agent may be me bridgmg agent itsett For example, the bndgmg agent may 
degr gagen , . . < , rmmxaA w compound containing releasable water may 
comprise a water-contammg compound. Any comp ^aMUt 
be used as me water-containing compound. As referred to harem, rhe term release 
wfl. be understood to nrean water drat may be re,eased under desued — 
conditions, inCuding, inter aUa, temporal. In certain 

containing compomtd may be sodium acetate trihydrate, sodrum borate decahydr K , 
contarmng P fc cettain p rrferre d embodiments, the water- 

sodium carbonate decahydrate, or the UKe. in ceruu y 
containing compound is sodium acetate trihydrate. 

The filter cake formed by me wen drifl-in and servrcmg fhuds of the present 

fflte r cuke" wfl, be underatood ,0 mean a filter cake that may be removed wrthou, me 
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need to circulate a separate "clean up" solution or "breaker" through the well bore, such 
clean up solution or breaker having no purpose other than to degrade the filter cake. 
Though the filter cakes formed by the well drill-in and servicing fluids of the present 
invention constitute "self-degrading" filter cakes, an operator may nevertheless 
occasionally elect to circulate a separate clean up solution through the well bore under 
certain circumstances, such as when the operator desires to hasten the rate of degradation 
of the filter cake. In certain embodiments, the bridging agents of the present invention are 
sufficiently acid-degradable as to be removed by such treatment. 

An example of a method of the present invention comprises the steps of: placing a 
well drill-in and servicing fluid in a subterranean formation, the well drill-in and servicing 
fluid comprising a viscosifier, a fluid loss control additive, and a bridging agent 
comprising a degradable material; and forming a self-degrading filter cake comprising the 
bridging agent upon a surface within the formation whereby fluid loss to the formation 
through the self-degrading filter cake is reduced. Another example of a method of the 
present invention comprises a method of degrading a filter cake in a subterranean 
formation, the filter cake having been deposited therein by a well drill-in and servicing 
fluid comprising a bridging agent, comprising the step of utilizing a bridging agent 
comprising a degradable material. 

Another example of a method of the present invention comprises a method of 
drilling an open hole in a subterranean formation, comprising the steps of: circulating 
through a drill pipe and drill bit a well drill-in and servicing fluid comprising a viscosified 
fluid, a fluid loss control additive, and a bridging agent comprising a degradable material; 
forming a filter cake comprising the bridging agent upon a surface within the formation; 
and permitting the filter cake to degrade. 

An example of a well drill-in and servicing fluid of the present invention 
comprises a viscosified fluid, a fluid loss control additive, and a bridging agent 
comprising a degradable material. 

To facilitate a better understanding of the present invention, the following 
examples of exemplary embodiments are given. In no way should such examples be read 
to limi t the scope of the invention. 
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EXAMPLE 1 

A dynamic filtration test was conducted, in a Fann Model 90B dynamic filtration 
tester in which seven embodiments of filter cakes of the present invenhon were 
contracted. For each of the seven embodiments, a sample composition was formnlated 
comprising 336 mL of a 10% aqueous solution of sodium chloride by weight, to whrch 
0 85 grams of clarified liquid xanthan biopolymer, 7.4 grams of a non-ionic starch 
derivative, 20 grams of powdered polylachc acid, and 30 grams of calcium carbonate 
were added. Tins sample composition was then hot rolled for 16hours a. 150= F. 

The dynamic filtration test comprised constructing filter cakes on the tuner 
diameter of a synthetic core comprising "ALOXTTE™" having a 35 micron pore throat 
size The filter cakes were constructed by contiguously shearing each sample 
composition inside fire core for an hour while applying a differential pressure of 500 pstd, 
during which time the filter cake formed on the core's inner diameter. The porous nature 
of the core provides tire potential for fluid to leak outward in a radial direction, with the 
fiteate rate and volume being dependent on the integrity of the filter cake deposited on 
the core The volume of filtrate for a particular sample composition was collected and 
xecorded with time. The test concluded after 60 minutes. The results are deprcted m 
Table 1 below, and in Figure 1. 
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TABLE1 





Total Filtrate Volume (mL) 

* 


Time 
(minutes) 


. Sample 
Composition 
1 


Sample 
Composition 
2 


Sample 
Composition 
3 


Sample 
Composition 

A 

4 


Sample 
Composition 


Sample 
Composition 
6 


Sample 
Composition 
7 


u 


o 


o 


0 


0 


0 


0 


0 


10 


5.64 


6.20 


6.14 


5.33 


5.42 


5.68 


6.33 


20 


6.92 


7.45 


7.45 


6.62 


6.74 


6.86 


7.66 


30 


7.84 


8.48 


8.53 


7.72 


7.79 


7.88 


8.83 


40 


8.70 


9.32 


9.44 


8.65 


8.76 


8.76 


9.76 


50 


9.56 


10.11 


10.24 


9.55 


9.62 


9.58 


10.63 


60 


10.26 


10.8 


11.03 


10.34 


10.35 


10.36 


11.44 



The above example demonstrates, inter alia, that the well drill-in and servicing 
fluids of the present invention may be used to provide filter cakes having acceptable 
filtration leak off, as well as that the integrity of such filter cakes is generally repeatable 
over a series of tests. 

EXAMPLE 2 

The seven sample filter cakes prepared in Example 1 were then each subjected to 
a break test, in which a 10% aqueous solution of sodium chloride by weight was injected 
into the core at 50 psi differential pressure. Break tests for Sample Compositions 1, 2, 4, 
and 6 were conducted at 200°F, while break tests for Sample Compositions 3, 5 and 7 
were performed at 180°F. As the sodium chloride solution began to break down each 
filter cake, the amount of filtrate {e.g., the amount of broken filter cake) was collected and 
measured. The break test continued until such time as the maximum filtrate volume (50 
mL) of a particular sample was collected in the Model 90B dynamic filtration tester. The 
results are illustrated in Table 2 below and in Figure 2. 
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TABLE 2 





Time (hrs) 






Total 
Filtrate 
Volume 

(mL) 


Sample 
Composition 
1 


Sample 
Composition 
2 


Sample 
3 


Sample 
Composition 
4 


Sample 
Composition 
5 


Sample 
Composition 

0 


Sample 
Composition 
7 


0 


0 


0 


0 


0 


0 


0 


0 


5 


1.71 


2.25 


2.25 


2.07 


1.45 


1.51 


1.59 


10 


3.59 


5.06 


5.28 


4,11 


3.49 


2.66 


3.07 


15 


5.39 


7.64 


7.13 


5.82 


5.43 


3.53 


4.52 


20 


6.73 


9.97 


8.90 


6.41 


7.36 




5.29 


25 


7.06 


11.48 


10.7 


7.1 


9.0 


4.84 


5.63 


30 


7.30 


12.30 


12.27 


7.57 


9.61 


4.9 


5.87 


35 


7.65 


12.84 


13.47 


7.75 


10.03 


4.97 


6.08 


40 


7.93 


13.31 


14.38 


7.89 


10.36 


5.03 


6.13 



The above example illustrates, inter alia, that exemplary embodiments of filter 
cakes formed from the well drill-in and treatment fluids of the present invention are 
degradable. 

Therefore, the present invention is well adapted to carry out the objects and attain 
the ends and advantages mentioned as well as those that are inherent therein. While 
numerous changes may be made by those skilled in the art, such changes are 
encompassed within the spirit of this invention as defined by the appended claims. 
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What is claimed is: 

1 . A method for forming a self-degrading filter cake in a subterranean formation, 
comprising the steps of: 

placing a well drill-in and servicing fluid in a subterranean formation, the well 
drill-in and servicing fluid comprising a viscosified fluid, a fluid loss control additive, and a 
bridging agent comprising a degradable material; and 

forming a self-degrading filter cake comprising the bridging agent within the 

formation. 

2. The method of claim 1 wherein the step of forming a self-degrading filter cake 
within the formation comprises forming the filter cake upon the face of the formation itself, 
upon a sand screen, or upon a gravel pack. 

3. The method of claim 1 wherein the degradable material comprises a 
degradable polymer or a dehydrated compound. 

4. The method of claim 3 wherein the degradable polymer comprises 
polysaccharides, chitins, chitosans, proteins, orthoesters, aliphatic polyesters, 
poly(glycolides), poly(lactides), poly(e-caprolactones), poly(hydroxybutyrates), 
polyanhydrides, aliphatic polycarbonates, poly(orthoesters), poly(amino acids), poly(ethylene 
oxides), or polyphosphazenes. 

5. The method of claim 1 wherein the degradable material further comprises a 
plasticizer or a stereoisomer of a poly(lactide). 

6. The method of claim 3 wherein the dehydrated compound comprises 
anhydrous sodium tetraborate or anhydrous boric acid. 

7. The method of claim 1 wherein the degradable material comprises poly(lactic 
acid) and a compound chosen from the group consisting of sodium borate, boric oxide, 
calcium carbonate, and magnesium oxide. 

8. The method of claim 7 wherein the poly(lactic acid) is present in the 
degradable material in a stoichiometric amount. 

9. The method of claim 1 wherein the bridging agent comprising the degradable 
material is present in the well drill-in and servicing fluid in an amount sufficient to create an 
efficient filter cake. 
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, v, the bridging agent comprising the degradable 
10 . ^^ofo^Xw^^ J^^eienttoptovidea 

12 The method of claim i wna 

13 . ~ ' ^ ^ Md uprises a viseosifier, 

14 . The raefcod of etan 1 w ^ ^ ^ ^ h &e 
whereiu the viscosifier is present m the wel dnu fc 

, .nno/ tn about 0.16% by weight, wherein mo 
range of from about 0.13 A to about 0 y ^ fluid in an 

amount in the range of from about i/o degrada ble material is present in 

mewendrill-mandservicmgfrmdmmeran^ 
wherein the degradable material compnses poly(lacuc acid) 

magnesium oxide. subterranean formation, comprising the 

15. A method of drilling an open hole m a suDterr 

steps of: _ n drill-m and servicing fluid 

formation; and 

permitting** filter cake to self-degmde self . degr adin g filter 

«. An* nf claim 15 wherein the step of forming a sen a& b 
1 6 . The method of claim lt> a sand 

cake comprises forming the filter cake upon the face of the 

screen, or uponagravelpac^ of permi tting me filter cake to self- 

17 • ^ me *°' ° f Ht e cake ^ a degrading agent for a period of time such 
degrade comprises contacting the filter cake witn 

that the bridging agent is dissolved thereby. 
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1 8. The method of claim 1 7 wherein the well drill-in and servicing fluid comprises 
the degrading agent. 

19. The method of claim 17 wherein the bridging agent comprises the degrading 

agent. 

20. The method of claim 1 7 wherein the degrading agent comprises water. 

21. The method of claim 15 wherein the degradable material comprises a 
degradable polymer or a dehydrated compound. 

22. The method of claim 21 wherein the degradable polymer comprises 
polysaccharides, chitins, chitosans, proteins, orthoesters, aliphatic polyesters, 
poly(glycolides), poly(lactides), poly(e-caprolactones), poly(hydroxybutyrates) 5 
polyanhydrides, aliphatic polycarbonates, poly(orthoesters), poly(amino acids), poly(ethylene 
oxides), or polyphosphazenes. 

23. The method of claim 15 wherein the degradable material comprises a 
plasticizer. 

24. The method of claim 21 wherein the dehydrated compound comprises 
anhydrous sodium tetraborate or anhydrous boric acid. 

25. The method of claim 15 wherein the degradable material comprises a 
stereoisomer of a poly(lactide). 

26. The method of claim 15 wherein the degradable material comprises poly(lactic 
acid) and a compound chosen from the group consisting of sodium borate, boric oxide, 
calcium carbonate, and magnesium oxide. 

27. The method of claim 26 wherein the poly(lactic acid) is present in a 
stoichiometric amount. 

28. The method of claim 15 wherein the degradable material has a particle size 
distribution in the range of from about 0. 1 micron to about 1 .0 millimeter. 

29. The method of claim 1 5 wherein the bridging agent comprising the degradable 
material is present in the well drill-in and servicing fluid in an amount sufficient to create an 
efficient filter cake. 

30. The method of claim 29 wherein the bridging agent comprising the degradable 
material is present in the well drill-in and servicing fluid in an amount in the range of from 
about 0.1% to about 30% by weight. 
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31 The method of claim 15 whemin mo viscosified fluid comprises a viscosifie, 
31. The memo ^. to servicing floid in an amouot m the 

wherein the viscosifier is present m the well drul 

^ of *om about 0.13% to about 0 ,o% * ^^J.^ Md „ . 
amount in the range of from about deeradab le material is present in 

the well drill-in and semomg fluid m the range B 

wherein tie degradahle material comprises polyene aotd) and etmer calcmm 

haying been deposited merein by a weU driU-in and servicmg fluid compnstng a hndgmg 
^-^^^^adegradah^erialand 

contact the degradame materia! wiflr a degrading agent for a penod of rime 

^rTJZTlT^^ - compnses me degmdmg 
aEmt , 4 . The memod of claim 32 wherein me degrading agent is supplied by a weU 

36 I memod of Caun 32 wherein me degrade*, materta, compnses a 

p oly(gl yeolides), polydachdes), poW P adds) _ poly( ethylene 

poiyanhydrides, aliphatic polycarbonates, polytorthoesters), po W 

oxides) , or POl^o := ^ ^ wherdn fte ^ ^ ^ comprises a 

The memod of claim 36 wherein the dehydrated compound comprises 
anhydrous sodium tetraborate or anhydrous boric acid. 
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40. The method of claim 32 wherein the degradable material comprises a 
stereoisomer of a poly(lactide). 

41 . The method of claim 32 wherein the degradable material comprises poly(lactic 
acid) and a compound chosen from the group consisting of sodium borate, boric oxide, 
calcium carbonate, and magnesium oxide. 

42. The method of claim 41 wherein the poly(lactic acid) is present in the 
degradable material in a stoichiometric amount. 

43. The method of claim 32 wherein the degradable material has a particle size 
distribution in the range of from about 0.1 micron to about 1.0 millimeter. 

44. The method of claim 32 wherein the bridging agent comprising the degradable 
material is present in the well drill-in and servicing fluid in an amount sufficient to create a 
desirable number of voids in the filter cake. 

45. The method of claim 44 wherein the bridging agent comprising the degradable 
material is present in the well drill-in and servicing fluid in an amount of about 0.1% to about 
30% by weigjit. 

46. The method of claim 32 wherein the well drill-in and servicing fluid comprises 
a viscosified fluid and a fluid loss control additive; wherein the viscosified fluid comprises a 
viscosifier; wherein the viscosifier is present in the well drill-in and servicing fluid in an 
amount in the range of from about 0.13% to about 0.16% by weight; wherein the viscosifier 
is xanthan; wherein the fluid loss control additive is present in the well drill-in and servicing 
fluid in an amount in the range of from about 1% to about 1.3% by weight; wherein the fluid 
loss control additive is starch; wherein the bridging agent comprising the degradable material 
is present in the well drill-in and servicing fluid in the range of from about 1% to about 5% 
by weight; and wherein the degradable material comprises poly(lactic acid) and either 
calcium carbonate or magnesium oxide. 

47. A well drill-in and servicing fluid comprising: 

a viscosified fluid; 

a fluid loss control additive; and 

abridging agent comprising a degradable material. 

48. The well drill-in and servicing fluid of claim 47 wherein the degradable 
material comprises a degradable polymer or a dehydrated compound. 
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49 Bre well drill-in and servicing fluid of data 48 wherein the degradable 
polymer comprises polysaccharides, chitas, chi.osa.rs, proteins, orttroesters, ahphabc 
polyesters, poMglycohdes), polyClachdes), po.v(e-caproladones), poly(hydxo X yburyrates), 
polyanhydrides, ahphabc polycarbonates, poWoAoosters), poly(amino acids), polygene 
oxides), or polyphosphazenes. 

50. The well drill-in and servicing fluid of claim 47 wherein the degradable 

material comprises a plasticizer. 

51. The well drill-in and servicing fluid of claim 48 wherein the dehydrated 
compound comprises anhydrous sodium tetraborate or anhydrous boric acid. 

52. The well drill-in and servicing fluid of claim 47 wherein the degradable 
material comprises a stereoisomer of a polyQactide). 

53 The well drill-in and servicing fluid of claim 47 wherein me degradable 
material comprises P oly(lactic acid) and a compound chosen from me group consistmg of 
sodium borate, boric oxide, calcium carbonate, and magnesium oxide. 

54. The well drill-in and servicing fluid of claim 53 wherein the poly(lactic add) 

is present in a stoichiometric amount. 

55 The well drill-in and servicing fluid of claim 47 wherein the degradable 
material has a particle size distribution in the range of from about 0.1 micron to about 1.0 

millimeter. . . , 

56 The well drill-in and servicing fluid of claim 47 wherein the viscosified fluid 

is present in the well drill-in and servicing fluid in an amount in the range of from about 68% 

to about 99% by weight. 

57. The well drill-in and servicing fluid of claim 47 wherein the viscosified fluid 

comprises water, oil, or a mixture thereof. 

58. The well drill-in and servicing fluid of claim 47 wherein the viscosified fluid 

comprises a viscosifier. 

59 The well drill-in and servicing fluid of claim 58 wherein the viscosifier is 
present in the well drill-in and servicing fluids of the present invention in an amount 
sufficient to suspend the bridging agent in the well drill-in and servicing fluid for a desired 
period of time. 
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60. The well drill-in and servicing fluid of claim 58 wherein the viscosifier is 
present in the well drill-in and servicing fluids of the present invention in an amount in the 
range of from about 0.01 % to about 0.6% by weight. 

61. The well drill-in 'and servicing fluid of claim 58 wherein the viscosifier 
comprises a biopolymer, a cellulose derivative, guar, or a guar derivative. 

62. The well drill-in and servicing fluid of claim 61 wherein the viscosifier is 
xanthan. 

63 . The well drill-in and servicing fluid of claim 47 wherein the fluid loss control 
additive is present in the well drill-in and servicing fluid in an amount sufficient to provide a 
desired degree of fluid loss control. 

64. The well drill-in and servicing fluid of claim 47 wherein the fluid loss control 
additive is present in the well drill-in and servicing fluid in an amount in the range of from 
about 0.01% to about 2% by weight. 

65. The well drill-in and servicing fluid of claim 47 wherein the fluid loss control 
additive comprises starch, starch ether derivatives, hydroxyethylcellulose, cross-linked 
hydroxyethylcellulose, or mixtures thereof. 

66. The well drill-in and servicing fluid of claim 47 wherein the bridging agent 
comprising the degradable material is present in the well drill-in and servicing fluid in an 
amount sufficient to create a desirable number of voids in the filter cake. 

67. The well drill-in and servicing fluid of claim 47 wherein the bridging agent 
comprising the degradable material is present in the well drill-in and servicing fluid ranging 
from about 0. 1 % to about 30% by weight. 

68. The well drill-in and servicing fluid of claim 47 wherein the viscosified fluid 
comprises a viscosifier; wherein the viscosifier is present in the well drill-in and servicing 
fluids of the present invention in an amount in the range of from about 0.13% to about 0.16% 
by weight; wherein the viscosifier is xanthan; wherein the fluid loss control additive is 
present in the well drill-in and servicing fluid in an amount in the range of from about 1% to 
about 1.3% by weight; wherein the fluid loss control additive is starch; wherein the bridging 
agent comprising the degradable material is present in the well drill-in and servicing fluid in 
the range of from about 1% to about 5% by weight; and wherein the degradable material 
comprises poly(lactic acid) and either calcium carbonate or magnesium oxide. 

69. A bridging agent comprising a degradable material. 
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70. The bridging agent of claim oy 
.egmdabiepolymeroradehydratedcompo^d. ^ ^ 

71 . The bridgmg agent of clann po)yesteISi 

pCysacdrarides, chitins, po^xybntytates), 

po^ycohdes), P"**"**"* poly(amino acids), polygene 

polyanhydrides, ahphatic polycarbonates, poW 

oxides), orpolyphcsphazenes. ^ materia l farther 

72 . The bridging agent of claim 69 tvner 

74. The bridgmg agent ot claim u» 
stereoisomer of a poly(lactide). deg radable material comprises 

7 , me hridgmg agent of *»® *~ ^ of .dbtm borate, horic 
polyflacric acid) and a compound chosen torn the gronp 

oxi de, calcic carbonate and * ^ ^ ^ ^ b ^ 

76 The bridgmg agent ot claim -> 

77. ^^^^o^^toabonta.Onmlimeter. 

78 . Thebridgmgagent ^ ^ ^ . 

79. The bridging agent of claim 

source of reliable water. ^ agent comprise s sodium 

80 . ^brid^gagentofc^^ ^ aecahydrate, or a mixture 
acetate trihydrate, sodium borate decahydrate, 

t of claim 78 wherein the degrading agent is present in a 

81. The bridging agent of claim 

stoichiometric amount. 
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